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1
METHOD OF PREVENTING EARLY
LAWSONIA INTRACELLULARIS INFECTIONS

This instant application is a divisional of application Ser.
No. 12/678,361, now U.S. Pat. No. 8,398,970, which is the
national stage of PCT/EP2008/062315 filed Sep. 16, 2008
application filed under 35 U.S.C. §371 and claims priority to
the European application, 07116528.6, filed Sep. 17, 2007.

TECHNICAL FIELD

The present invention relates to the field of medicine, par-
ticularly the field of infectious diseases. The present invention
relates inter alia to the use of a combination of a live vaccine
against Lawsonia intracellularis and an anti-Lawsonia anti-
biotic for preventing or reducing early Lawsonia intracellu-
laris infections.

BACKGROUND TO THE INVENTION

Porcine Proliferative Enteropathy (PPE, ileitis) is a disease
of'very great significance worldwide to the economics of pig
production (Chouet et al. 2003, Wendt et al. 2006). The patho-
gen that causes the disease, Lawsonia intracellularis (L.1.), is
spread through the faeces of the pigs and causes damage to the
intestinal mucosa in the large and small bowel that is critical
to the digestive function (Kroll et al. 2005).

For many years, different antibiotics have been licensed for
the treatment of ileitis (=Lawsonia intracellularis infection).
The active substances belong to the bacteriostatic antibiotics.
They do not kill the pathogens directly but inhibit the multi-
plication of Lawsonia intracellularis (Armbuster et al. 2004,
Busch et al. 2000, Collins et al. 2000a, Dritz et al. 2002, Kesl
et al. 2004, Paradis 2004, Thaker and Bilkei 2006, Tzika et al.
2004, Veenhuizen et al. 1998a, Walter et al. 2000, Winkelman
et al. 2000).

For some years, a vaccine (Enterisol® Ileitis, made by
Boehringer Ingelheim Vetmedica GmbH) has been available
against the disease forms induced by Lawsonia intracellu-
laris. The objective of the vaccination measures is to build up
a reliable immunity before the first contact with the field
pathogen. In order that the animals have developed a reliable
immunity before the first field infection, the animals, particu-
larly piglets, have to be vaccinated as early as possible, pref-
erably in the first three weeks of life.

In Germany, a significant increase in clinical cases of ileitis
has been observed in the last 12 months. This is due not least
to the ban on antibiotic performance promoters that took
effect on 1 Jan. 2006 (EC Regulation 1831, 2003). In addi-
tion, the number of farms that had infections occurring
shortly after weaning (=removal from the mother sow)
increased considerably. In these farms the question is how it
is possible to meet the requirement of effectively vaccinating
the piglets three weeks before the field infection.

In the prior art the combined administration of Lawsonia
intracellularis vaccine and anti-Lawsoria antibiotic is
described. For example, Armbruster et al. in 2006 describe a
method in which 5-week-old piglets were vaccinated with
Lawsonia intracellularis vaccine and 25 days after vaccina-
tion were treated with tylosin, an anti-Lawsonia antibiotic.
However, such a treatment does not protect the animals from
early and, in particular, early fulminant infections, such as are
observed more and more frequently (Hardge et al. 2006,
Steinheuer et al. 2007). On the one hand, the vaccination of
the animals at 5 weeks old is carried out at a very late stage.
On the other hand, the administration of tylosin from day 25
after vaccination is insufficient to prevent or alleviate corre-
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sponding early infections that occur during the period when
the animals have not yet built up any reliable immunity.
Besides Armbruster et al. 2004, Bornhorn 2007 also describes
early attempts at a so-called embedded vaccination. Like the
treatment plan used by Armbruster et al. 2004, the treatment
plan described by Bornhorn is unable to prevent or alleviate
early infections. The process described by Bornhorn is used
to treat existing Lawsonia intracellularis infections.

The aim of the present invention was to provide a method
of preventing or at least reducing early Lawsonia intracellu-
laris infections.

A further aim of the present invention was to vaccinate
animals successfully against Lawsonia intracellularis in spite
of'the early infection pressure caused by production methods.

A further aim of the present invention was to improve the
general weight gain of animals, particularly animals for fat-
tening, in spite of early infection with Lawsonia intracellu-
laris caused by production methods.

These aims are achieved by the methods/uses described
hereinafter.

DESCRIPTION OF THE FIGURES

FIG. 1: Description of the test

DESCRIPTION OF THE INVENTION

Before embarking on the embodiments of the invention it
should be pointed out that the singular forms “a” and “an”
used herein and in the appended claims also include refer-
ences to the plural, unless the context indicates otherwise.
Even if they are defined differently, all the technical and
scientific terms used herein have the same meanings as in the
general knowledge of a skilled man in the field of the inven-
tion. Although all the similar or corresponding methods and
materials used herein can be used in practice or in the experi-
ments of the invention, the preferred methods, apparatus and
materials will now be described. All the publications men-
tioned are hereby incorporated by reference for the purpose of
describing and disclosing the objects, methods and uses
according to the invention which may be used in connection
with the invention. This is not to be taken as an admission that
the invention, as an earlier invention, could not claim prece-
dence over such a disclosure.

DEFINITIONS

The term “live Lawsonia intracellularis vaccine” refers to
a vaccine that contains live, non-inactivated Lawsonia intra-
cellularis as immunogen. Preferably, the live, non-inactivated
Lawsonia intracellularis bacteria are so-called attenuated
bacteria, i.e. bacteria that are non-pathogenic to the host but
are still immunogenic. Examples of corresponding bacteria,
which are not to be taken in a restrictive capacity, include inter
alia the Lawsonia intracellularis bacteria described in
WO-A-96/39629 and WO 2005-A-011731 which are num-
bered PTA 4926 or ATCC 55783, deposited for patent law
purposes at the “American Type Culture Collection” (ATCC)
10801 University Boulevard, Manassas, Va. 20110-2209.

By a “vaccine” is meant a pharmaceutical composition that
contains at least one immunogen for immunising animals.

The skilled man understands the term “immunogen” to
mean a substance that can trigger an immune response in an
animal, directed against the corresponding immunogen or a
pathogen that contains this immunogen.

The expression “reduction of early Lawsonia intracellu-
laris infections” means for the purposes of the present inven-
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tion that the number of animals detectably infected with Law-
sonia intracellularis which have been treated by the method
according to the invention is reduced by more than 20%,
preferably more than 30%, more preferably more than 50%,
still more preferably more than 70% compared with a control
group of animals that have not been treated accordingly.

The term “detectably” or “detectable infection” means for
the purposes of the present invention that the infection with
Lawsonia intracellularis can be detected by standard meth-
ods such as for example antibody detection tests, antigen
detection tests or polymerase chain reaction (PCR) tests. Cor-
responding tests are described by way of example in Keller et
al. (2004) and Suh et al. (2000). The tests described therein
are used within the scope of the present patent application as
a reference test to detect Lawsonia intracellularis infection
beyond any doubt.

The term “early infection” for the purposes of the present
invention means a Lawsonia intracellularis infection
acquired within the first 6 weeks of life, preferably within the
first 8 weeks of life, more preferably within the first 10 weeks
of life and still more preferably within the first 12 weeks of
life of the animals.

The term “fulminant infection” means a Lawsonia intrac-
ellularis infection in which the infected animal is excreting
Lawsonia intracellularis bacteria, for example through its
faeces. The excretion of bacteria can be detected for example
with a polymerase chain reaction (PCR) test, as described for
example in Suh et al. (2000), or an antigen detecting test, as
described for example in Keller et al. (2004).

The term “early fulminant infection” means a Lawsonia
intracellularis infection in which the infected animal excretes
Lawsonia intracellularis bacteria within the first 6 weeks of
life, preferably within the first 8 weeks of life, more prefer-
ably within the first 10 weeks of life and still more preferably
within the first 12 weeks of life of the animals, for example
through the faeces. The excretion of bacteria can be detected
by a polymerase chain reaction (PCR) test, as described for
example in Suh et al. (2000) or an antibody detection test, as
described for example in Keller et al. (2004).

The phrase “until Lawsonia-specific antibodies are
detected” refers to the change in the immune status of a
animal from “antibody-negative” to “antibody-positive” as
the result of an active vaccination with a vaccine against
Lawsonia intracellularis. An animal is deemed to be “anti-
body-negative” if a serum sample from a vaccinated animal
reacts negatively in the antibody test described by Keller et al.
(2004). An animal is deemed to be “antibody-positive” if two
independent serum samples from the animal react positively
in the antibody test described by Keller et al. (2004). In
particular an animal is deemed to be “antibody-positive” if
the corresponding antibodies can be detected in serum dilu-
tions of 1:4, preferably 1:16, more preferably 1:32, still more
preferably 1:64 in the antibody test described by Keller et al.
(2004). In other words, the phrase “until Lawsonia-specific
antibodies are detected” in the context of the present inven-
tion represents the acquisition of Lawsonia intracellularis-
specific antibodies, particularly the acquisition of reliable
immunity from infections with Lawsonia intracellularis.

The term “reliable immunity” is used in the context of the
present invention if an animal vaccinated against Lawsonia
intracellularis does not develop an early fulminant Lawsonia
intracellularis infection. Reliable immunity can both be con-
ferred by antibodies and based on a cellular immune
response.

The term “anti-Lawsonria antibiotic” means an agent that is
capable of inhibiting the multiplication of Lawsonia intrac-
ellularis bacteria. This inhibition is present if, following the
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administration of a corresponding anti-Lawsonia agent, Law-
sonia intracellularis bacteria grow more slowly in vivo or in
vitro by more than a factor 2, preferably by more than a factor
5, more preferably by more than a factor 10, still more pref-
erably by more than a factor 50 than Lawsonia intracellularis
bacteria that have been grown under the same conditions, but
without the administration of the corresponding anti-Lawso-
nia antibiotic. The reduced growth can be determined for
example by means of the number of Lawsonia intracellularis
bacteria in a culture. There is growth inhibition if a culture
treated with anti-Lawsonia antibiotics contains only 50%,
preferably only 20%, still more preferably only 10%, still
more preferably only 2% Lawsonia intracellularis bacteria
by comparison with an untreated culture at a specific stage of
the cultivation, preferably after 4 days of in vitro cultivation.
It will be self-evident to the skilled man that he should use the
antibiotic in question in a dosage range adapted to its specific
activity. This range can be ascertained by simple titration
tests.

An anti-Lawsonria antibiotic is any antibiotic that can bring
about the inhibition described above; it need not be registered
and licensed for the treatment of Lawsonia intracellularis.
Anti-Lawsonia antibiotics and methods of using them are
described by way of example inter alia in Armbuster et al.
2004, Busch et al. 2000, Collins et al. 2000a, Dritz et al. 2002,
Kesl et al. 2004, Paradis 2004, Thaker and Bilkei 2006, Tzika
et al. 2004, Veenhuizen et al. 1998a, Walter et al. 2000,
Winkelman et al. 2000, the anti-Lawsonia antibiotics and
methods of using them described therein being purely
examples that should not be taken as definitive. Examples of
anti-Lawsonia antibiotics include acetylisovaleryltylosin,
tulathromycin (Draxxin), lincospectin, tiamulin, tylosin, val-
nemulin.

The term “animal” refers to fish, birds and mammals such
as for example pigs, horses, mice, dogs, cats, preferably pigs.
The term animal refers in particular to the corresponding

young, preferably young pigs (=piglets).
DETAILED DESCRIPTION OF THE INVENTION

The aim of the present invention was to provide a process
that can successfully effectively vaccinate and protect young
animals, preferably piglets, against corresponding early
infections with Lawsonia intracellularis in spite of produc-
tion-related early infections. For this, the animals are vacci-
nated as early as possible and the field pathogen pressure is
suppressed by treatment with anti-Lawsonia antibiotics until
the young animals, particularly piglets, have built up a reli-
able immunity as a result of the vaccination.

Consequently, the present invention relates to the use of a
live Lawsonia intracellularis vaccine in combination with an
anti-Lawsonia antibiotic for the prevention or reduction of
early Lawsonia intracellularis infections in animals, charac-
terised in that the Lawsonia intracellularis vaccine is admin-
istered within the first four (4) weeks of life and the antibiotic
is administered from day three (3) after the administration of
the Lawsonia intracellularis vaccine to the animals. A corre-
sponding treatment plan is referred to as “early embedded
immunisation” or “early embedded vaccination”.

According to a particular embodiment the early infection is
a fulminant infection, i.e. According to the above definition
an infection with excretion of pathogens.

According to another embodiment the Lawsonia intracel-
lularis vaccine is administered within the first three (3) weeks
of life of the animals. A corresponding method is described
inter alia in the International Patent Application WO-A-2007/
011993. According to another embodiment the Lawsonia
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intracellularis vaccine is administered between day 1 and day
21, preferably between day 1 and day 20, preferably between
day 1 and day 19, preferably between day 1 and day 18,
preferably between day 1 and day 17, preferably between day
1 and day 16, preferably betweenday 1 and day 15, preferably
between day 1 and day 14, preferably between day 1 and day
13, preferably between day 1 and day 12, preferably between
day 1 and day 11, preferably between day 1 and day 10,
preferably between day 1 and day 9, preferably between day
1 and day 8, preferably between day 1 and day 7, preferably
between day 1 and day 6, preferably between day 1 and day 5,
preferably between day 1 and day 4, preferably between day
1 and day 3, preferably on day 1 or day 2 after birth, most
preferably on the day of birth. Surprisingly, it has been found
that animals can be vaccinated with a live vaccine against
Lawsonia intracellularis even in the presence of passively
acquired anti-Lawsonia intracellularis antibodies. Corre-
sponding findings are described inter alia in International
Patent Application PCT/US200769646. However, passively
acquired temporary immunity of this kind does not constitute
lasting protection from early Lawsonia intracellularis infec-
tions, as demonstrated by the significant increase particularly
in early clinical cases of ileitis caused by Lawsonia intracel-
lularis.

Suitable live Lawsonia intracellularis vaccines are any of
the corresponding live vaccines with live Lawsonia intracel-
lularis bacteria, particularly the one that contains the Lawso-
nia intracellularis bacteria described in WO-A-96/39629 and
WO 2005-A-011731 deposited at the ATCC under numbers
PTA 4926 or ATCC 55783. Also suitable are those bacteria
that have the same immunogenic properties as the deposited
bacteria mentioned above. The live vaccine sold by Boe-
hringer Ingelheim Vetmedica (Ingelheim am Rhein, Ger-
many) under the brand name Enterisol® Ileitis has proved
particularly effective.

A strain or isolate has the immunogenic properties of at
least one of the deposited strains of bacteria mentioned above,
provided that it reacts with one of the following antibodies:
301:39, 287:6, 268:29, 110:9, 113:2 or 268:18, which were
deposited in connection with International Patent Application
WO-A-2006/12949 for patent purposes in accordance with
the Budapest Agreement (see below). Preferably, the detec-
tion test is a “sandwich ELISA” as described by way of
example in Examples 2 and 3 of the above-mentioned Inter-
national Patent Application WO-A-2006/12949, the antibody
110:9 being used as a so-called “catching antibody” and
antibody 268:29 being used as a conjugated antibody. All the
antibodies from WO-A-2006/12949 are produced in hybri-
doma cells that were deposited at the “Centre for Applied
Microbiology and Research” (CAMR) and European Collec-
tion of Cell Cultures (ECACC)”, Salisbury, Wiltshire SP4
0IG, UK, for patent purposes in accordance with the Budap-
est Agreement with effect from 11 May 2004. HYBRIDOMA
CELL LINE 110:9 was successfully deposited with the
accession number ECACC Acc. No. 04092204. HYBRI-
DOMA CELL LINE 113:2 was successfully deposited with
the accession number ECACC Acc. No. 04092201. HYBRI-
DOMA CELL LINE 268:18 was successfully deposited with
the accession number ECACC Acc. No. 04092202. HYBRI-
DOMA CELL LINE 268:29 was successfully deposited with
the accession number ECACC Acc. No. 04092206. HYBRI-
DOMA CELL LINE 287:6 was successfully deposited with
the accession number ECACC Acc. No. 04092203. HYBRI-
DOMA CELL LINE 301:39 was successfully deposited with
the accession number ECACC Acc. No. 04092205.

The anti-Lawsonia antibiotic is preferably administered
three (3) days after the vaccination with the live Lawsonia
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intracellularis vaccine or according to another embodiment
from day 3 or day 4 after the vaccination with the live Law-
sonia intracellularis vaccine for a specific length of time.
Parallel administration should be avoided, in order to avoid a
negative effect on the vaccine bacteria by the anti-Lawsonia
antibiotic which might jeopardise the success of the vaccina-
tion.

According to another embodiment the anti-Lawsonria anti-
biotic is administered starting on day 3, 4, 5, 6 or 7, preferably
starting on day 3, 4, 5 or 6, more preferably starting on day 3,
4 or 5, still more preferably on day 3 or day 4 after the
administration of the Lawsonia intracellularis live vaccine to
the animals over a specific period.

Consequently in another embodiment the present inven-
tion relates to the use of a live Lawsonia intracellularis vac-
cine in conjunction with an anti-Lawsonia antibiotic for pre-
venting or reducing early, preferably fulminant Lawsonia
intracellularis infections in animals, characterised in that the
Lawsonia intracellularis vaccine is administered within the
first four (4) weeks of life and the anti-Lawsoria antibiotic is
administered starting on day 3, 4, 5, 6 or 7, preferably starting
on day 3, 4, 5 or 6, more preferably starting on day 3, 4 or 5,
still more preferably on day 3 or day 4 after the administration
of the Lawsonia intracellularis live vaccine to the animals
over a specific period. Preferably the vaccination of the ani-
mals with the live Lawsonia intracellularis vaccine is carried
out within the first three (3) weeks of life or as mentioned
above, preferably between day 1 and 21 after birth, more
preferably between day 1 and 20 after birth etc.

The anti-Lawsonia antibiotic should be administered from
day 3 after the vaccination at least until Lawsonia-specific
antibodies are detected, in order to prevent early, preferably
fulminant Lawsonia intracellularis infections. Numerous
tests on pigs have shown that the infection time for Lawsonia
intracellularis is between the 7th and 10th week of life
(Hardge et al. 2006, Steinheuer et al. 2007). Moreover, the
proportion of detected Lawsonia intracellularis infections
increases after weaning.

Consequently according to another embodiment the
present invention relates to the use of a live Lawsonia intra-
cellularis vaccine in conjunction with an anti-Lawsonia anti-
biotic, for preventing or reducing early, preferably fulminant
Lawsonia intracellularis infections in animals, characterised
in that the Lawsonia intracellularis vaccine is administered
within the first four (4) weeks of life, and the anti-Lawsonia
antibiotic is given to the animals from day 3 after the admin-
istration of the Lawsonia intracellularis vaccine at least until
Lawsonia-specific antibodies are detected.

Preferably the vaccination of the animals with the Lawso-
nia intracellularis live vaccine takes place within the first
three (3) weeks of life, or as mentioned above preferably
between day 1 and 21 after birth, more preferably between
day 1 and 20 after birth etc. The administration of the anti-
Lawsonia antibiotic starts on day 3, 4, 5, 6 or 7, preferably on
day 3, 4, 5 or 6, more preferably on day 3, 4 or 5, still more
preferably on day 3 or day 4 after the administration of the live
Lawsonia intracellularis vaccine at least until reliable immu-
nity is detected, preferably until Lawsonia-specific antibod-
ies are detected in the vaccinated animals.

Young animals generally have passively acquired immu-
nity to Lawsonia intracellularis infections while they are still
suckling. The corresponding Lawsonia intracellularis spe-
cific antibodies are generally absorbed by the young animal
through the colostrum from its mother, that has either been
vaccinated against Lawsonia intracellularis and/or is serop-
ositive with regard to Lawsonia intracellularis antibody as a
result of a field infection. This passively acquired immunity,
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however, generally protects the young animal from early,
preferably early fulminant Lawsonia intracellularis infec-
tions only during the suckling stage up to the time of weaning.
If vaccination takes place during the suckling period, i.e.
before weaning, treatment with an anti-Lawsonia antibiotic is
not absolutely essential. If there is a high infection pressure,
it is advisable to give antibiotics during the suckling period as
well. When the animal is weaned, there is a sudden jump in
the risk of infection, at least until the animal has built up
reliable immunity to Lawsonia intracellularis following the
active vaccination against Lawsonia intracellularis.

Consequently, according to another embodiment, the
present invention relates to the use of a live Lawsonia intra-
cellularis vaccine in conjunction with an anti-Lawsonria anti-
biotic for preventing or reducing early, preferably fulminant
Lawsonia intracellularis infections in animals, characterised
in thatthe Lawsonia intracellularis vaccine is administered to
young sucklings and the anti-Lawsoria antibiotic is admin-
istered after the weaning of the young animals (sucklings) at
least until reliable immunity is detected, preferably until Law-
sonia-specific antibodies are detected in the vaccinated ani-
mals. The vaccination of the sucklings takes place preferably
between day 1 and day 21, preferably between day 1 and day
20, preferably between day 1 and day 19, preferably between
day 1 and day 18, preferably between day 1 and day 17,
preferably between day 1 and day 16, preferably between day
1 and day 15, preferably betweenday 1 and day 14, preferably
between day 1 and day 13, preferably between day 1 and day
12, preferably between day 1 and day 11, preferably between
day 1 and day 10, preferably between day 1 and day 9,
preferably between day 1 and day 8, preferably between day
1 and day 7, preferably between day 1 and day 6, preferably
between day 1 and day 5, preferably between day 1 and day 4,
preferably between day 1 and day 3, preferably on day 1 or
day 2 after birth, most preferably on the day of birth.

Reliable immunity to Lawsonia intracellularis, preferably
by Lawsonia-specific antibodies usually sets in as a result of
active vaccination against Lawsonia intracellularis about
three (3) weeks after the vaccination.

Consequently, according to another embodiment by way of
example, the present invention relates to the use of a live
Lawsonia intracellularis vaccine in conjunction with an anti-
Lawsonia antibiotic for preventing or reducing early, prefer-
ably fulminant Lawsonia intracellularis infections in ani-
mals, characterised in that the Lawsonia intracellularis
vaccine is administered within the first four (4) weeks of life
and the anti-Lawsonria antibiotic from day 3 after the admin-
istration ofthe Lawsonia intracellularis vaccine over a period
of 1 to 21 days. Preferably the anti-Lawsonia antibiotic is
administered over a period of 14 to 20 days, more preferably
over a period of 15 to 19 days, more preferably over a period
of' 16 to 18 days. However, it is also possible to administer the
anti-Lawsonia antibiotic over a period of more than 21 days,
the preferred embodiment comprising administration over a
period of 12 to 21 days as described above. It should be
mentioned, in connection with this, that the administration of
the anti-Lawsonria antibiotic preferably begins between day 3
and day 7, preferably between day 3 and day 6, more prefer-
ably between day 4 and day 5, still more preferably on day 3
or day 4 after the administration of the live Lawsonia intra-
cellularis vaccine. The vaccination of the animals with the
live Lawsonia intracellularis vaccine preferably takes place
within the first three (3) weeks of life, or as mentioned above
preferably between day 1 and 21 after birth, more preferably
between day 1 and 20 after birth etc. If the vaccination takes
place during the suckling phase, i.e. before the young animals
are weaned, the anti-Lawsonia antibiotic is administered
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starting on the day of weaning, or within two (2) days after
weaning up to day 21 after the vaccination, preferably up to
day 18 after the vaccination.

According to another embodiment the anti-Lawsonria anti-
biotics can also be administered immediately after birth, or
during the suckling phase. When using a live Lawsonia intra-
cellularis vaccine it is important that the administration of the
anti-Lawsonia antibiotic is interrupted not later than 2, pref-
erably not later than 3, more preferably not later than 4 days
before the vaccination with the live Lawsonia intracellularis
vaccine. Consequently according to another embodiment by
way of example the present invention relates to the use of a
live Lawsonia intracellularis vaccine in conjunction with an
anti-Lawsonia antibiotic for preventing or reducing early,
preferably fulminant Lawsonia intracellularis infections in
animals, characterised in that the Lawsonia intracellularis
vaccine is administered within the first four (4) weeks of life
and the anti-Lawsonia antibiotic is administered at most up to
day 2, preferably at most up to day 3, more preferably at most
up to day 4 before the administration of the live Lawsonia
intracellularis vaccine and does not resume until day 3, 4, 5,
6 or 7, preferably day 3, 4, 5 or 6, more preferably day 3, 4 or
5, still more preferably on day 3 or day 4 after the adminis-
tration of the Lawsonia intracellularis vaccine, preferably
over a period of 1 to 21 days. Preferably, also, the anti-
Lawsonia antibiotic is administered over a period of 14 to 20
days, more preferably over a period of 15 to 19 days, more
preferably over a period of 16 to 18 days. However, it is also
possible to administer the anti-Lawsonia antibiotic over a
period of more than 21 days, the preferred embodiment being
administration over a period of 12 to 21 days as described
above.

The anti-Lawsonria antibiotic used may be, among others,
the antibiotics mentioned earlier, namely acetylisovalerylty-
losin, lincospectin, tiamulin, tulathromycin (draxxin),
tylosin, valnemulin. According to a preferred embodiment
the anti-Lawsonia antibiotic is: acetylisovaleryltylosin, lin-
cospectin, tiamulin, tulathromycin (draxxin), tylo sin or val-
nemulin, or a combination thereof. It is particularly preferred
to use tylosin, preferably in an amount of 10 to 50 mg/kg of
body weight of the animal.

Consequently another embodiment of the present inven-
tion relates to the use of a live Lawsonia intracellularis vac-
cine in conjunction with an anti-Lawsonia antibiotic for pre-
venting or reducing early, preferably fulminant Lawsonia
intracellularis infections in animals, as described above,
characterised in that the anti-Lawsonia antibiotic is tylosin,
which is preferably administered in an amount of 10 to 50
mg/kg of body weight of the animal. It should be mentioned,
in connection with this, that the administration of the anti-
Lawsonia antibiotic preferably starts between day 3 and day
7, preferably between day 3 and day 6, more preferably
between day 3 and day 5, still more preferably on day 3 or day
4 after the administration of the live Lawsonia intracellularis
vaccine, and tylosin is preferably administered over a period
of 14 to 21 days, more preferably over a period of 15 to 19
days, more preferably over a period of 16 to 18 days.

According to another embodiment the present invention
also relates to methods of preventing or reducing early, par-
ticularly fulminant Lawsonia intracellularis infections in ani-
mals, comprising administering a live Lawsonia intracellu-
laris vaccine and an anti-Lawsonia antibiotic, characterised
in that the Lawsonia intracellularis vaccine is administered
within the first four (4) weeks of life and the anti-Lawsonia
antibiotic is administered from day 3 after the administration
of'the Lawsonia intracellularis vaccine over a period of 12 to
21 days. Preferably the anti-Lawsonia antibiotic is adminis-
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tered over a period of 14 to 20 days, more preferably over a
period of 15 to 19 days, more preferably over a period of 16 to
18 days. However, it is also possible to administer the anti-
Lawsonia antibiotic over periods of more than 21 days, the
preferred embodiment comprising administration over a
period of 12 to 21 days, as described above. It should be
mentioned, in connection with this, that the administration of
the anti-Lawsonia antibiotic is preferably started between day
3 and day 7, more preferably between day 3 and day 6, still
more preferably between day 3 and day 5 and still more
preferably on day 3 or day 4 after the administration ofthe live
Lawsonia intracellularis vaccine. The vaccination of the ani-
mals with the live Lawsonia intracellularis vaccine is prefer-
ably carried out within the first three (3) weeks of life or, as
mentioned above, preferably between day 1 and 21 after birth,
more preferably between day 1 and 20 after birth etc.

The use according to the invention of a live Lawsonia
intracellularis vaccine in conjunction with an anti-Lawsonia
antibiotic as described here leads to a general improvement in
the animals’ state of health, particularly an improved weight
gain by comparison with unvaccinated animals or those
treated only with antibiotics. The study on which the inven-
tion is based led to a weight gain which was improved by
more than 1 kg within the first 50 days after administration of
the vaccine, or within the first 80, preferably the first 70 days
of life.

Consequently according to another embodiment the
present invention relates to the use of a live Lawsonia intra-
cellularis vaccine in conjunction with an anti-Lawsonria anti-
biotic for improving the weight gain of animals, characterised
in thatthe Lawsonia intracellularis vaccine is administered to
the animals within the first four (4) weeks of life and the
antibiotic is administered from day 3 after the administration
of the Lawsonia intracellularis vaccine. The improved
weight gain is achieved particularly by avoiding or reducing
early, preferably fulminant Lawsonia intracellularis infec-
tions in animals. According to a preferred embodiment of the
present invention the improved weight gain in the first 50 days
of life after vaccination is at least 1 kg, more preferably at
least 1.5 kg. It should be mentioned, in connection with this,
that the administration of the anti-Lawsonia antibiotic is pref-
erably started between day 3 and day 7, more preferably
between day 3 and day 6, still more preferably between day 3
and day 5 and still more preferably on day 3 or day 4 after the
administration of the live Lawsonia intracellularis vaccine
and it is preferably given over a period of 14 to 21 days, more
preferably over a period of 15 10 19 days, still more preferably
over a period of 16 to 18 days. The vaccination of the animals
with the live Lawsonia intracellularis vaccine takes place
according to a preferred embodiment within the first three (3)
weeks of life, or as mentioned above preferably between day
1 and 21 after birth, more preferably between day 1 and 20
after birth etc.

The present invention is not restricted to the use of an
anti-Lawsonia antibiotic in conjunction with a live vaccine
against Lawsonia intracellularis for the prevention or reduc-
tion of early, particularly fulminant Lawsonia intracellularis
infections. Rather, in a general aspect, the present invention
also relates to the use of an anti-Lawsonia antibiotic in con-
junction with any desired Lawsonia intracellularis vaccine,
including an inactivated dead vaccine or a subunit vaccine, for
example a recombinant peptide vaccine or an antigen prepa-
ration of Lawsonia intracellularis for the prevention or reduc-
tion of early, preferably fulminant Lawsonia intracellularis
infections in animals, characterised in that the animals are
vaccinated within the first four (4) weeks of life with the
Lawsonia intracellularis vaccine and the anti-Lawsonia anti-
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biotic is administered from the day of administration of the
Lawsonia intracellularis vaccine until Lawsonia-specific
antibodies are detected in the vaccinated animals. Preferably
the antibiotics are given until a reliable immunity is built up
against early, preferably fulminant Lawsonia intracellularis
infections. Corresponding antibodies are generally formed
within three weeks of vaccination. Therefore, according to
another embodiment, the anti-Lawsonia antibiotic is admin-
istered over aperiod of 12to 21 days. According to a preferred
embodiment the anti-Lawsonia antibiotic is administered
over a period of 14 to 20 days, more preferably over a period
of 15 to 19 days, more preferably over a period of 16 to 18
days. It is also possible to administer the anti-Lawsonia anti-
biotic over a period of more than 21 days, the preferred
embodiment being administration over a period of 12 to 21
days, as described above. The crucial point is that the anti-
Lawsonia antibiotic is administered until the animal vacci-
nated with Lawsonia intracellularis vaccine has acquired
reliable immunity to early, preferably fulminant Lawsonia
intracellularis infections.

If the vaccination with the Lawsonia intracellularis vac-
cine starts only after the young animals have been weaned, the
administration of the antibiotics may begin even before the
administration of the Lawsonia intracellularis vaccine, pro-
vided that it is not a live vaccine. Thus, in another aspect, the
present invention relates to the use of an anti-Lawsonia anti-
biotic in conjunction with a Lawsonia intracellularis vaccine,
preferably an inactivated dead vaccine or a subunit vaccine,
for example a recombinant peptide vaccine or an antigen
preparation of Lawsonia intracellularis, for the prevention or
reduction of early, preferably fulminant Lawsonia intracel-
lularis infections in animals, characterised in that the animals
are vaccinated within the first four (4) weeks of life with the
Lawsonia intracellularis vaccine, preferably after weaning,
and the anti-Lawsonia antibiotic is administered not later than
from the day of weaning until Lawsonia-specific antibodies
are detected in the vaccinated animals. Preferably the anti-
Lawsonia antibiotic is administered over a period of up to 21
days after administration of the Lawsonia intracellularis vac-
cine, more preferably over aperiod of 12 to 21 days, still more
preferably over a period of 14 to 20 days, still more preferably
over a period of 15 to 19 days, still more preferably over a
period of 16 to 18 days after administration of the Lawsonia
intracellularis vaccine.

According to a preferred embodiment the vaccination of
the animals with the Lawsonia intracellularis vaccine gener-
ally takes place within the first three (3) weeks of life or, as
mentioned above, preferably between day 1 and 21 after birth,
more preferably between day 1 and 20 after birth etc.

Suitable Lawsonia intracellularis antigens or immunogens
for use as or in a subunit vaccine against Lawsonia intracel-
lularis are described for example in EP 1219711; U.S. Pat.
No. 6,605,696, WO 96/39629; WO 97/20050; WO 00/69903;
WO 00/69904; WO 00/69905; WO 00/69906; WO 02/38594;
WO 02/26250; WO 03/006665; WO 04/033631; WO
05/026200; WO 05/011731; WO 06/113782; or WO
06/116763. Normally, a corresponding subunit vaccine has a
content of antigen/immunogen of at least 2 pug per dose of
vaccine, preferably between 2 and 500 ng per dose of vaccine.
Corresponding subunit vaccines may be prepared by standard
methods, for example by recombinant production in bacte-
rial, yeast, insect cell or mammalian cell expression systems.
The corresponding subunit vaccines are administered con-
ventionally by parenteral route, for example by intramuscular
or subcutaneous route. If a second vaccination is required to
build up a reliable immunity, the anti-Lawsonia antibiotics



US 8,734,781 B2

11

are administered until the reliable immunity has been
acquired. In individual cases this may take longer than the
treatment period of 21 days.

The present uses/methods can be applied to the animals
capable of being infected with Lawsonia intracellularis.
These include, in particular, fish, birds and mammals, for
example pigs, horses, dogs, cats, cattle. Preferably the meth-
ods/uses according to the invention are methods/uses for the
prevention or reduction of early Lawsonia intracellularis
infections, particularly early fulminant Lawsonia intracellu-
laris infections in pigs.

EXAMPLES

The Examples that follow serve to further illustrate the
objects/methods/uses according to the invention, without
restricting them to the corresponding Examples.

Example 1

Embedded Early Vaccination with a Lawsonia
intracellularis Vaccine

Equipment & Methods:

The study was carried out in a unit in North Rhine West-
phalia with 160 sows and 600 breeding stalls, producing to a
weekly cycle with four weeks’ suckling. The piglets are sold
on for fattening once they reach about 30 kg.

The unit was chosen because clinical ileitis occurred in the
rearing quarters of the unit if the animals were not treated with
an antibiotic effective against Lawsonia intracellularis for 10
days from the weaning time onwards. More detailed diagno-
sis found Lawsonia intracellularis in the faeces of the clini-
cally sick animals and other diarrhoea-causing pathogens
were ruled out.

The time frame of the study is shown in FIG. 1. Within the
course of the study all the piglets were weighed on removal
from the sows and individually marked with progressive
numbering using an ear tag. A blood sample was taken from
each of 15 piglets in each group of weaned animals on the day
of removal from the sow and this blood was tested for anti-
bodies to Lawsonia intracellularis. The weaned piglets were
putinto pens in groups of 10 animals. Four days after weaning
every second group of weaned animals was vaccinated with
Enterisol® Ileitis (Boehringer Ingelheim) in accordance with
the manufacturer’s instructions through the drinking water in
their trough. The other groups remained unvaccinated. After 3
days without antibiotics following the ileitis vaccination, the
piglets of all the weaned groups were subjected to tylosin
therapy (10 mg/kg KGW Tylan® G 25, Elanco Animal
Health) for 18 days starting from the 8th day after weaning.
The unvaccinated weaned piglets were also treated with
tylosin in the same dosage for 18 days starting from the 8th
day after weaning. This 18-day therapy was significantly
longer than the treatment period of 10 days that was previ-
ously in established use in the unit and which had already led
to an apparently sufficient degree of clinical success. On the
day of release from their pens, all the piglets were again
weighed individually. In addition, blood samples were taken
from 10 piglets in each market batch, and the samples were
examined for antibodies to Lawsonia intracellularis using
ELISA. All the study groups were subjected to identical care
and feed conditions.

The study encompasses a total of 891 piglets. The absolute
weight gain and daily increase in growth were calculated
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from the weights on removal from the sows and release from
the pens. The rearing period was ascertained using the wean-
ing date and date of sale.

Results:

Serological Results:

The sampling of the piglets at the end of the rearing phase
(24 positive results out of a total of 120 samples taken) proved
that the test groups had been exposed to Lawsonia intracel-
lularis during the rearing period.

Development of the Performance Parameters During the
Rearing Period of the Piglets:

As canbe seen from Table 1, the weaned weights at the start
of' the study differed significantly in favour of the vaccinated
pigs, in spite of the random allocation of the piglets to the test
groups.

TABLE 1
Performance of the piglets that received embedded vaccination, by
comparison with the piglets treated with tylosin for 18 days
Vaccinated  Unvaccinated — Difference P
n 470 421 vaccinated —
unvaccinated
weaned weight 7.81 kg 8.33 kg -0.52 kg <0.001
sale weight 30.23 kg 29.26 kg +0.97 kg <0.01
rearing period 51.48 days 52.9 days -1.42 days <0.05
daily increase 421 g 404 g +17 g <0.001

At the end of the rearing period of the piglets that lasted on
average 52.9 days (unvaccinated) or 51.48 days (vaccinated)
the piglets treated by embedded vaccination weighed on aver-
age 0.97 kg more than the piglets treated with tylosin for 18
days in spite of their less favourable starting weight. This
corresponds to a weight gain during the rearing period in the
vaccinated animals which is 1.49 kg greater. The sale weights
of'the two groups differed highly significantly (p<0.001), the
vaccinated piglets weighing 30.23 kg and the tylosin-treated
piglets weighed 29.26 kg. The vaccinated piglets gained on
average 421 g per day and thus differed highly significantly
(p<0.001) from the tylosin-treated piglets, which on average
gained 404 g per day.

TABLE 2

Rearing period of the piglets treated by embedded vaccination by
comparison with piglets treated with tylosin for 18 days

Vaccinated Unvaccinated
N 470 421
Min. growth period 31 days 31 days
Max. growth period 79 days 96 days

For a piglet producer or breeder, the maximum rearing
period is also important, besides the absolute rearing period.
The maximum rearing period crucially determines the time at
which a pen can be vacated and hence cleaned, disinfected
and reoccupied. The shortest time after which a piglet was
sent on for fattening was identical at 31 days for both test
groups (Table 2). However, there were significant differences
in the maximum rearing period. Whereas the vaccinated pig-
lets were kept for a maximum of 79 days, unvaccinated and
tylosin-treated piglets occupied their pens for a maximum of
96 days (Table 2). Thus, the breeding pens containing the
tylosin-treated groups were in some cases blocked for 17 days
longer than pens containing vaccinated groups.
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The invention claimed is:

1. A method of reducing early Lawsonia intracellularis
infection in piglets as compared to unvaccinated piglets or
piglets treated only with an anti-Lawsonia antibiotic that is
effective against Lawsonia intracellularis, comprising
administering a live attenuated Lawsonia intracellularis vac-
cine and administering the anti-Lawsonia antibiotic, wherein
said live attenuated Lawsonia intracellularis vaccine is
administered at about four weeks of life of said piglets and the
anti-Lawsonia antibiotic is administered over a period of 12
to 21 days starting atday 3, 4, 5, 6 or 7 after the administration
of said live attenuated Lawsonia intracellularis vaccine.

2. The method according to claim 1, wherein said early
infection is a fulminant infection.

3. The method according to claim 1, wherein said live
attenuated Lawsonia intracellularis vaccine is administered
at three weeks of life of said piglets.

4. The method according to claim 2, wherein said anti-
Lawsonia antibiotic is administered at least until reliable
immunity against said early fulminant Lawsonia intracellu-
laris infection is detected.

5. The method according to claim 4, wherein the reliable
immunity is determined by the detection of Lawsonia intra-
cellularis-specific antibodies in the piglets administered with
the live attenuated Lawsonia intracellularis vaccine and the
anti-Lawsonia antibiotic.

6. The method according to claim 1, further comprising
additionally administering said anti-Lawsonia antibiotic,
wherein the anti-Lawsonia antibiotic is administered from 1
to 3 days before the administration of said live attenuated
Lawsonia intracellularis vaccine.

7. The method according to claim 1, wherein said anti-
Lawsonia antibiotic is acetylisovaleryltylosin, lincospectin,
tiamulin, tulathromycin (draxxin), tylosin, valnemulin, or a
combination thereof.

8. The method according to claim 7, wherein tylosin is
administered in an amount of 10 to 50 mg/kg of body weight
of' the piglets.

9. The method according to claim 1, wherein the reduction
of the early Lawsonia intracellularis infection in the piglets
results in an improved weight gain in the piglets in the first
fifty days of life after the vaccination as compared with the
unvaccinated piglets or the piglets treated only with the anti-
biotic.

10. The method according to claim 9, wherein said
improved weight gain is at least 1 kg.
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11. A method of reducing early Lawsonia intracellularis
infection in piglets as compared to unvaccinated piglets or
piglets treated only with tylosin antibiotic, comprising
administering a live attenuated Lawsonia intracellularis vac-
cine and administering the tylosin antibiotic, wherein said
live attenuated Lawsonia intracellularis vaccine is adminis-
tered at about four weeks of life of said piglets and the tylosin
antibiotic is administered over a period of 12 to 21 days
starting at day 3, 4, 5, 6 or 7 after the administration of said
live attenuated Lawsonia intracellularis vaccine.

12. The method according to claim 11, wherein said early
infection is a fulminant infection.

13. The method according to claim 11, wherein said live
attenuated Lawsonia intracellularis vaccine is administered
at three weeks of life of said piglets.

14. The method according to claim 12, wherein said tylosin
antibiotic is administered at least until reliable immunity
against said early fulminant Lawsonia intracellularis infec-
tion is detected.

15. The method according to claim 11, wherein said tylosin
antibiotic is administered in an amount of 10 to 50 mg/kg of
body weight of the piglets.
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